Standard numerical long-term ephemerides
The polynomial arguments of the series are various combinations of multipliers of Delaunay arguments, lunar and planetary mean longitudes (like in analytical theories of the planets/Moon motion and nutation series).
Step 2: The values series are processed by a new spectral analysis method (Kudryavtsev 2004) . Expansion of the function to Poisson series is directly made where the amplitudes and arguments of the series' terms are high-degree time polynomials (as opposed to the classical Fourier analysis where the terms' amplitudes are constants and the arguments are linear functions of time).
Method of Development
Step 1: Numerical values of lunar coordinates r, V, U are calculated on every day within a long-term time interval (e.g. 1000-3000). Numerical ephemeris LE-405/406 is used as a source. ( ! N~ 10 4 -10 5 ; arguments are high-degree time polynomials).
Spectral Analysis to Poisson Series
are some pre-defined polynomilal arguments: where
• At the 1 st step we numerically calculate the scalar products:
• At the 2 nd step the basis must be orthogonalized basis functions is the weighting function (the Hanning filter)
Testing the Method Accuracy
Source: analytical lunar motion theory ELP2000-85 where the the 2nd-order Poisson series for distance consists of 320 terms Sampled values: geocentric distances to the Moon calculated on every day within 6,000 years: [1000BC, 5000AD] Maximal orders of the expansion:
• p=2 (amplitudes are second-order polynomials)
• q=4 (arguments are fourth-order polynomials)
Results:
• all 320 terms of the original model have been found; • maximal deviation between the two sets of distances (calculated by the ELP2000-85 and by the expansion) does not exceed 1.5 centimeter.
